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Foreword 


This report is the first in a projected series of documents which we plan 
to issue as the development of a decentralized bibliographic network in 
Canada progresses. I have indicated in my recent submission! to the 
Secretary of State the National Library of Canada view of appropriate 
goals and objectives for a federal program designed to promote such a 
network. Stated succinctly, the National Library's network program is 
focussed on facilitating data interchange amongst autonomous systems 
within the environment of Open Systems Interconnection. 


In addition to describing the emerging environment and the overall context 
of bibliographic data interchange, this report draws attention, on the one 
hand, to the considerable effort that is now being expended at both 
national and international levels on the development of communication 
standards and protocols so essential for the operation of a decentralized 
Open network, and, on the other hand, to a number of urgent technical 
issues whose resolution will require concerted action by all concerned 
parties. Although many of the details presented here are dynamic, the 
general direction of development now appears clear and likely to remain 
stable. 


The National Library of Canada recognizes not only the scale and 
complexity of developing a nation-wide network that is hospitable to 
multi-sector participation but also the urgency of initiating action in a 
positive direction. Accordingly my senior staff and I have formally 
endorsed the key areas for development outlined in this document and the 
program of action implied therein. Furthermore, I have directed the 
National Library Network Project, established recently under the 
directorship of Ms. Cynthia Durance, to strengthen the National Library of 
Canada's network program, to formulate and coordinate research projects 
and necessary administrative mechanisms in areas highlighted in this 
document. 


To support this work, an external Task Group on Computer /Communication 
Protocols for Bibliographic Data Interchange is presently being appointed. 
The principal task of this Task Group is to recommend a set of standard 
cammunication protocols for the session, presentation and application 
layers for blibiographic data interchange within the framework of Open 
Systems Interconnection. An internal National Library Protocol 
Development Committee also has been organized to provide support for the 
Task Group. Liaison with similar protocol development committees in other 
countries will be sought. 


An ambitious and complex task such as the development of a decentralized 
bibliographic nation-wide network will require the active participation 
and the contributions of many. The National Library Network Project will 
seek the active participation of all National Library of Canada operating 


1. National Library of Canada. The future of the National Library of 
Canada/L'avenir de la Bibliotheque nationale du Canada. Ottawa, 
National Library of Canada, 1979. 
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branches and such government departments, other organizations and 
individuals as wish to contribute to the development of a network. The 
National Library Advisory Board will also seek new ways in which to enlist 
the contribution of all major agents in the country. 


This report was prepared by Edwin Buchinski, and Mazharul Islam, with 
contributions from other National Library of Canada staff, most notably 
Barrie Burns, Cynthia Durance, Louis Forget, Richard Harrington, William 
Newnan. It is presented to the public in the hope that it will stimulate 
discussion on networking and assist those who are concerned about and wish 
to contribute to the development of a decentralized nation-wide 
bibliographic network in Canada. 


July, 1980 Guy Sylvestre 
National Librarian 
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EXECUTIVE SUMMARY 


The purpose of this document is to highlight the major technical issues of 
interconnection within a broad based, multi-function, multi-user biblio- 
graphic data interchange network in Canada, advocated in The Future of the 
National Library of Canada, and to indicate specific areas where 
development work of a technical nature needs to be undertaken. 


In describing the technological and economic context of bibliographic data 
interchange, attention is drawn to the fact that institutions other than 
libraries have also acquired a substantial interest and expertise in 
utilizing automated bibliographic data systems, and that bibliographic 
data interchange can scarcely be implemented in disregard of these 
developments. In particular, developments relating to trade information 
systems such as CTIS, book industry ordering/distribution networks in the 
U.S. and Canada, home information systems such as Telidon, computer-to- 
camputer data interchange experiments, etc., are of major significance for 
bibliographic data interchange. These developments are reviewed briefly 
in chapter 2. It is concluded that while the development of a "closed" 
library bibliographic network is possible, and could entail less 
developmental effort than that of an "open" me, such a strategy would be 
counterproductive both economically and administratively as it would be 
overtaken by technical advances before it was completed, and its cost/ 
benefit ratio would be more limited. Hence an "open" system strategy is 
advocated, a strategy which implies a concerted effort by various 
organizations. It is acknowledged that such integration will not 
materialize instantly but must be purposefully pursued through long term 
strategies and phased development. There are many known technical and 
non-technical barriers to overcome; and many more will no doubt arise in 
due time. The important issue to recognize is the need for broadening the 
base of library systems interconnection by progressively linking to other 
segments in the information sector, without jeopardizing the priority of 
the library network in so doing. 


Chapter 3 provides a framework for isolating and defining network 
technical issues by discussing some basic network concepts and components 
such as: open systems interconnection, layered structure of network 
message interchange, network layers and interfaces, message processing and 
message delivery, network technical and administrative services, etc. It 
is noted that systems interconnection in a multi-function multi-user 
network becomes technically feasible only within a framework of common 
function and procedures, known as the Open Systems Interconnection (OSI) 
framework. Open systems interconnection is discussed briefly to show its 
crucial bearing on the networking efforts of libraries as well as of other 
types of organizations both in Canada and abroad. Eventually institutions 
will be able to interchange data freely even though each may utilize 
different manufacturers’ equipment, follow unique internal data 
structures, and operate customized computer programs. Intersystems 
barriers will progressively disappear with the evolution of common 
protocols, i.e., standard data messages and procedures, within the 


framework of OSI. 
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In chapter 4 interconnection problems pertaining to standards and 
protocols development are discussed at some length. It is pointed out 
that at least four protocol specifications of relevance have been proposed 
in recent years by different organizations and that serious problems for 
network development will arise unless these separate efforts are 
harmonized to meet the technical and service requirements of a broad based 
network. Existing examples of isolated efforts at interconnection are 
reviewed. These limited examples are sufficient to make the observation 
that isolated efforts at interconnection are occurring within the 
information sector and to conclude that an overall interconnection and 
protocol strategy would provide substantial benefits to all. 


Major areas where development work of a technical nature needs to be 
undertaken are identified in chapter 5. These include: 


A. Identification of network participants, their roles and their 
resources. In this context a network participant is anyone that 
provides network services, e.g. message processing, message 
delivery, network technical control and administrative services. 
More specifically, this would require determination of 


A.1 what services the teleconmmunication service providers 
can supply as well as the capacity of these facilities 
and their associated costs; 


A.2 what services the "message processing" hosts in the 
network will provide; 


A.3 the technical and administrative services which must be 
provided, if an "open" network is to function 
effectively. 


B. Definition of network protocols at the application, presentation 
and session levels of the OSI model. This would involve 


B.1l definition of applications, sub-applications and 
functions; 


B.2 definition of data transmission procedures at the 
application level and identifiers for file, record and 
sub-record data element transmission procedures; 


B.3 definition of generic application elements and their 
characteristics, e.g. searching, file transfer; 


B.4 determination of the control messages and data messages 
which will be applicable to particular transactions; 


- vii - 


B.5 identification of the bibliographic data that must be 
exchanged in each kind of network transaction (e.g. 
searching data bases, verifying interlibrary loans, 
placing purchase orders, etc.); 


B.6 development of a data element directory of all the data 
elements that may be used in the network messages; 


B.7 definition of negotiation procedures, a process of 
selecting a remote service provider whose services and 
capabilities are hospitable to one's own system; 


B.8 definition of required system functions e.g. billing, 
security, broadcast, relaying. 


Experimental and research projects will have to be mounted in all these 
areas in order to test the technical and economic feasibility of desired 
network interfaces, and to help determine the roles of various 
participants within the network. 


It is suggested that the National Library of Canada can do a great deal to 
identify problems and needs, to orchestrate library networking efforts and 
to coordinate these efforts with those of other concerned segments of the 
information sector. 
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1. SCOPE AND PURPOSE OF THIS DOCUMENT 


This document seeks to identify the major technical issues of systems 
interconnection aimed at facilitating nation-wide bibliographic data 
interchange. 


The point of departure for the discussions that follow is the 


recommendations made by Dr. Guy Sylvestre that the National Library of 
Canada 


"a) develop, in cooperation with other institutions managing 
computerized bibliographic centres, a decentralized bibliographic 
network with a view to ensuring the fullest sharing of 
information and library materials in the most cost-effective 
manner by Canadians anywhere; 


b) fund research and development studies and pilot projects, 
prerequisite to the effective development of the proposed 
nation-wide library network; 


Cc) promote the extension to other fields of the on-line information 
retrieval services provided by the CAN/OLE system, and the 
development of the system to provide access to other important 
data banks maintained by other institutions in Canada; 


d) establish the appropriate network management and governance 
boards and conmittees to ensure that the network will function in 
a cost-effective manner by developing and following common 
procedures." 


However, the present document does not address the entire range of issues 
arising from these recommendations but confines itself to the technical 
issues of interconnecting the various nodes of a decentralized network. 
More specifically, this document is concerned with only those technical 
issues that relate to network interface and protocol development. 
Therefore, it also avoids issues surrounding the management of the 
individual nodes in the network and the governance of the network as a 
whole. These will be addressed in separate documents. 


There is a strong economic and political rationale for making most 
camputer based systems and networks more widely accessible in industria- 
lized countries and hence there is growing support for the concept of open 
access, formally described as "open systems interconnection". In 
attempting to isolate and define technical interconnection issues, it is 


1. National Library of Canada. The future of the National Library of 
Canada/L'avenir de la Bibliotheque nationale du Canada. Ottawa, 
National Library of Canada, 1979, p. viii-1ix. 
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assumed that the open systems approach is the only one that is 
economically and technologically sensible in long term programs. While 
interconnection between individual or closed systems on an ad hoc 
bilateral basis may have short term advantages it can only lead to bigger 
closed systems which ultimately will not fulfil the interests of all users 
and all providers of information services. 


The concept of open systems interconnection naturally broadens the context 
of bibliographic networking. And this is as it should be. Historically, 
the impetus for bibliographic networking arose fram the internal needs of 
libraries for econamy and efficient use of scarce resources. As a result 
libraries tended to consider bibliographic data interchange as purely 
internal to the library world involving little or no direct interaction 
with the outside. Such a position is no longer tenable. There are 
already other kinds of institutions that have acquired and will doubtless 
continue to acquire an interest and expertise in utilizing automated 
bibliographic data systems, representing segments such as: information 
dissemination, publishing, and others of the rapidly evolving information 
sector. Library based systems will be increasingly involved in business 
transactions with these segments. Since they constitute only a minor 
segment of the total information sector, libraries must learn not only to 
coexist with, but also to take advantage of relevant developments in the 
rest of the information sector. It is therefore of the greatest 
importance for libraries to be keenly aware of such developments and to 
try constantly to profit from them. Chapter 2 highlights some significant 
developments that have occurred within the other segments of the 
information sector in Canada and the U.S. and that are likely to affect in 
a fundamental way the structure of bibliographic data interchange in 
Canada. 


To pave the way for the discussions that follow and to clarify the nature 
and extent of the technical issues involved, chapter 3 introduces network 
concepts such as: open systems interconnection, network layers and 
interfaces, message processing, message delivery, network technical and 
administrative services, etc. 


Incompatible network standards and protocols are being developed within 
the various segments of the information sector. Chapter 4 outlines some 
of the problems and issues that arise from these developments. 


Little progress towards the realization of a decentralized multi-sector 
bibliographic network will be made umless problems are clearly understood 
and solutions are sought according to a well-conceived strategy. Chapter 
5 outlines specific areas where technical work needs to be undertaken to 
foster the development of a decentralized nation-wide bibliographic 
network. 


Appendix A provides further explanation of some terms representing 
concepts with specific implications for networking. 
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CONTEXT OF BIBLIOGRAPHIC DATA INTERCHANGE 


2.1. Introduction 


The monopoly position of national libraries as the primary sources of 
full bibliographic records has gradually changed with the development 
of bibliographic networks (a number of libraries contributing 
machine-readable records to a centralized automated system, frequently 
referred to as a bibliographic utility). During the recent past, 
consortia and individual libraries have lobbied for the establishment 
of procedures to permit full and partial machine-readable records to 
be interchanged among various institutions possessing a wide range of 
automated processing sophistication, and to thereby supplement the 
unidirectional flow of data from national libraries to these 
institutions, (e.g. the decentralized Cataloguing-in-Publication 
program in Canada, the National Level Bibliographic Record program in 
the United States, and efforts to develop protocols among various 
camputer manufacturers turn-key circulation systems). 


In addition to pressures to diversify the interchange of bibliographic 
data among libraries, other institutions such as information retrieval 
agencies and the publishing industry have been working on the inter- 
change of bibliographic data. All of these segments of the informa- 
tion industry typically exchange machine-readable data. All of them 
utilize, or plan to utilize, the message delivery services provided by 
the conmon carriers. Characteristically, the machine-readable data 
supplied by the non-library sector differs structurely and 
quantitatively with that generated by libraries. Nonetheless, there 
is no insurmountable reason why library created data cannot be 
communicated over one or more of the message delivery systems utilized 
by the other segments of the information industry, provided that some 
additional efforts are undertaken to make the structural differences 
transparent to the users and the communications systems. It is this 
potential for integration that is of special significance for 
libraries as it promises to affect in a fundamental way the scope as 
well as the very structure of any bibliographic data interchange 
network that is likely to develop in Canada. 


There are fundamental reasons why a nation-wide bibliographic data 
interchange network must be conceived in the broader context of the 
entire information sector. First of all, computerized systems and 
their interconnections require a great deal of resources - financial, 
technical and human - and a substantial user base to justify the 
expenditure of these resources. Libraries on their own just cannot 
provide all these resources and attract the necessary user base. 
Secondly, it is not technically necessary to look upon library 
bibliographic data as something so unique that it requires a dedicated 
network for the purposes of data interchange. Thirdly, each of these 
segments have traditionally interfaced with each other for their 
mutual benefit, e.g. libraries acquired their materials from the 
publishing industry while the latter relied on libraries for a 
substantial portion of its revenues. Any benefits from automation 
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realized by one segment can be expected to have a positive impact on a 
related segment with which it interfaces since the inter-sector 
camunications will become more effective and efficient. 


Computer and communications technologies are advancing at an in- 
creasing tempo. The unmatched power of these technologies to connect 
hitherto unrelated applications and to create new ones is producing a 
profound change in the structure of the information sector of all 
advanced industrialized nations. Libraries and library systems must 
come to terms with these changes so as to remain in the main stream of 
developments. By integrating with other segments of the information 
sector, a library oriented data interchange network not only ensures 
its economic viability but also minimizes the risk of obsolescence. 


The remainder of this chapter briefly reviews some recent developments 
that illustrate this evolution of bibliographic data interchange, 
namely: the Research Library Group/Library of Congress experiments on 
camputer-—to-computer communications; the Canadian Trade Information 
System; the book industry information system; the interactive home 
information system, Telidon; and the Canadian information dissemina- 
tion industry. This review of developments is illustrative, not 
exhaustive, but it provides an adequate snapshot of the evolving 
information sector and offers a context within which the development 
of a decentralized nation-wide bibliographic netowrk can be 
considered. 


2.2 Data interchange via computer-to-computer 


communications: status of RLG/LC experiments 


The initial impetus for libraries to interchange bibliographic data 
arose from the escalating costs of maintaining large files of source 
records. Accordingly, the Research Libraries Group (RLG) in coopera- 
tion with the Library of Congress (LC) undertook in 1975 to experiment 
with camputer-to-computer interchange of bibliographic records. The 
experiment was successful but the potential for effective data inter- 
change was lost due to the regrouping of RLG and the lack of 
Operational and developmental support to generalize and extend these 
experimental computer-to-camputer services to a much larger library 
community. 


Shortly afterwards, a Task Force on computer network protocol was 
formed under the auspices of the National Bureau of Standards and 
their National Commission on Libraries and Information Science. This 
led to the publication in December 1977 of a computer network protocol 
for library and information science applications. Currently, through 
the efforts of the Council on Library Resources, a model of the 
economic impact of computer-to-computer interconnection on four 
American bibliographic utilities/systems (Washington Library Network, 
Research Libraries Information Network, OCLC Inc. and the Library of 
Congress) is being developed as a first phase in a program which is 
expected to lead to computer-to-computer data interchange among 
libraries in the United States. 
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The results of this experiment will have major implications for 
library interconnection in Canada, since they will provide a model and 
standards which will no doubt have to be taken into account. 


2.3 Canadian Trade Information System (CTIS) 


The Canadian Trade Information System (CTIS), now under development, 
is a network of terminals and computers (subsequently referred to by 
the common name "devices") connected via communication networks. The 
federal Department of Industry, Trade and Commerce sponsors this 
system through its Canadian Organization for the Simplification of 
Trade Procedures (COSTPRO). The devices will assist the user in 
entering, processing and communicating trade transactions by utilizing 
electronic data interchange (EDI) specifications which were developed 
in the U.S. and modified for Canadian use. 


The CTIS is composed of three fundamental building blocks: 


i) a business message protocol in which data elements required 
for a given trade transaction are defined by a North 
American electronic data interchange specification, which 
has yet to be accepted as a formal standard; 


ii) communication networks which provide integrated and 
interconnected services for national and international 
electronic data interchange using a wide range of devices; 
and, 


iii) an information pipeline that will provide CTIS users access 
to special trade network services and to business data 
files. 


In essence, the CTIS is a means for interlinking present computer 
systems by employing a standard information structure, standard 
communication protocols, and a limited number of special interface 
programs. These interface programs and the structure of each type of 
transaction set are part of the EDI specifications. 


In the CTIS network the electronic data will be transmitted from 
terminal-to-terminal, terminal-to-computer, as well as from 
computer-to-—computer. In realizing all these possibilities for data 
interchange COSTPRO has vastly increased the potential for a variety 
of users to use the network, and to do so, using hardware and software 
that is less costly and complex to operate. 


COSTPRO, in coordinating the co-sponsorship of the North American EDI 
specifications, has acquired the technical expertise to develop, under 
contract, the CTIS interface boxes and facilities. The National 
Library of Canada staff are working with COSTPRO to ascertain library 
applications which could utilize the CTIS network. 
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2.4 Book industry ordering/distribution network 


The Distribution Task Force established by the Book and Periodical 
Development Council (BPDC) is promoting the development of a Canadian 
Ordering/Distribution network. Consultants were hired in late January 
1980 to assist the task force in determining the economic feasibility 
of such a system and to study the legal implications for its creation. 
These studies are currently underway. 


In response to suggestions from the library community that such a 
system was of primary importance to the planned nation-wide 
bibliographic network, the National Library of Canada staff reviewed 
the perceived need for such a system and offered suggestions as to how 
libraries might utilize this system. At the request of the BPDC 
Distribution Task Force Steering Committee, representatives from the 
National Library of Canada, COSTPRO and Telidon gave short 
presentations of the state of development and future plans of their 
respective systems, at a meeting held in Toronto in early March 1980. 


Meanwhile, in the United States, the Book Industry Systems Advisory 
Committee (BISAC) has developed specifications for machine-readable 
purchase orders and invoices. In addition, it has promoted the 
development of the Standard Address Number (SAN) which will be used to 
control the mailing of physical items and to direct electronic 
messages to their destination. R.R. Bowker, who administers the ISBN 
agency for the United States, has been selected by BISAC to develop 
and maintain the SAN registry, which will include all Canadian 
libraries, booksellers, etc. that have business dealings with United 
States firms. 


The Distribution Task Force might be inclined to advocate the 
development, if not the outright adoption, of the BISAC specifications 
for a Canadian Ordering/Distribution system. Such an implementation 
within a nation-wide bibliographic network would be relatively easy, 
if one disregarded the differences in record structure and content 
that exists among the BISAC specifications, the bibliographic record 
standard utilized by libraries, and the EDI specifications designed to 
facilitate electronic trade transactions such as book purchase orders 
and invoices. 


2.5 Telidon: a home information system 


During the past year or two, the development of Telidon, with its goal 
of providing information directly into the home, has given all 
information providers a common, even if somewhat limited, set of 
standards to follow. In addition to providing yet another standard 
for electronic data interchange, Telidon will eventually provide 
information retrieval and electronic mail facilities to a vast number 
of individuals. 
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While Telidon is designed to complement the information services 
offered by the library, publishing, and information segments, it will 
also create additional pressures for the development of interconnec- 


tions between Telidon and the data bases maintained by these segments 
of the information sector. 


If the publishing, the information and the library segments all became 
information providers utilizing the Telidon technology, then they can 
also interface with one another via Telidon. Thus the widespread 
implementation of interactive television could provide a new avenue 
for inter-segment communication and data interchange. Libraries must 
begin to explore ways and means to interface with Telidon and thereby 
to enlarge their user base. The British Library and the OCLC Inc., an 
American bibliographic utility, have already started experimenting 
with home information systems. 


It is recognized that while the simplistic "tree" structure provided 
to support current information retrieval demonstrations is inadequate 
for bibliographic applications, given a keyboard and development of 
appropriate interfaces to third party computers, Telidon users will be 
able to use their home television to access any remote data base(s) 
currently offered by the information providers. This development has 
potential for inexpensive access for smaller libraries and educational 
institutions to large data banks. Much effort must still be expended 
but staff at the Department of Communications agree that Telidon's 
current tree structured menus provide inadequate information retrieval 
support and are anxious to overcome this difficulty, and to 
interconnect Telidon with the large bibliographic data bases that 
cannot feasibly be replicated on Telidon mainframe computers. 


2.6 Information dissemination industry 


In Canada, the information industry has grown very slowly and evolved 
to become largely an information dissemination rather than an 
information production industry. The information dissemination 
service centres have characteristically developed software to 
transform the various data structures utilized by foreign information 
source file producers to a common format. This common data structure 
is then utilized by other software packages to match an information 
seeker's profile with data in the source records. Appropriate 
printouts alert the information seeker to potentially useful 
publications. 


Advances in technology have had an impact on the information industry. 
Consequently, existing information dissemination centres have found it 
economical to convert from batch systems to on-line operations thereby 
improving the timeliness of the service while enabling the information 
seeker to refine the request or profile in a real time interactive 
mode. The rapid decline in hardware costs and the improved software 
support provided by hardware manufacturers have enabled new 
information data base producers and information service suppliers to 
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enter the marketplace. Evolving technology has also enabled a single 
terminal to access multiple data bases. Access however is still 
constrained by artificial barriers arising from variant forms of 
retrieval commands, file organizations, and software which is unique 
to each facility. 


2.7 Bibliographic data interchange within a broader context 


The significance of the developments outlined above, is that 
bibliographic data interchange can no longer be considered the mono- 
polistic concern of the library community. While Canadian libraries 
can claim considerable expertise in developing and utilizing 
bibliographic data interchange specifications, the time has come to 
forge new alliances with the other segments of the information 
sector. 


As was the case with ISBN, the book industry has begun exercising an 
initiative which libraries must recognize and relate to. We must 
examine what machinery is needed to coordinate all efforts to develop 
specifications for machine-readable purchase orders, invoices, and 
numbering schemes such as the standard address number. It behooves 
all segments of the information sector to examine details such as the 
need for a Canadian SAN agency and to determine its relation, if any, 
to the standard address numbers (sender/recipient I.D.'s) required by 
the EDI specifications or other potential relevant standards in order 
to minimize the unwarranted proliferation of numbering schemes. 


To date many individuals and institutions have participated in some 
aspects of bibliographic information transfer or network development. 
These efforts, however, have been confined to specific sectors of the 
information transfer chain, eg. libraries or publishers or information 
dissemination centres, etc. Technology, economics and user demands 
will no longer permit these sectors to confine their operations to 
segments with common interests and common objectives. The information 
transfer channel must be looked at as a whole and the potential user 
base of this system must be vastly broadened if users are to realize 
the full capabilities of systems such as Telidon and the CTIS as well 
as the more traditional automated library systems. 


Such integration will not materialize instantly but must be 
purposefully pursued through long term strategies and phased 
developments. There are many known technical and non-technical 
barriers to overcome; and many more will no doubt arise in due time. 
The important issue is to recognize the need for broadening the base 
of library systems interconnection by progressively linking to other 
segments in the information sector, without jeopardizing the priority 
of the library network in so doing. 
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NETWORK ARCHITECTURE: BASIC CONCEPTS AND COMPONENTS 


3.1 Introduction 


Recent developments in telecanmmunications technology have led to the 
realization that interchange of machine-readable data between 
institutions, even though each utilized a different manufacturer's 
equipment, followed unique data structures and operated customized 
camputer programs is much closer to reality than most people surmise. 
Barriers to inter-systems communications are gradually being eroded as 
common data structures and procedures are developed and implemented. 
The continuing efforts exerted to interconnect systems and to 
generalize network design have spawned concepts such as: network 
interface, layered structure of network, open systems interconnection, 
message delivery, message processing, and network technical 
administration and control. These concepts and descriptions are 
indicative of the trends and issues which are evolving in inter-system 
communication and the conceptualization of the network components or 
network architecture. They also provide a framework for isolating and 
defining network technical issues in chapter 4 of this paper. 


3.2 Open systems interconnection 


Much of the early interconnection of computers at different locations 
and computers of different software systems was effected by ad hoc 
means which satisfied a particular purpose but which generally 
discouraged interconnectibility with other independent networks. A 
strong movement began in 1976 to press for the establishment of inter- 
national standards to facilitate computer-to-computer and computer- 
to-terminal data interchange. In the following year the International 
Organization for Standardization (ISO) established a new subcommittee 
entitled "Open systems interconnection" to provide a focal point and 
to develop a generalized model for system interconnection. The phrase 
"Open systems interconnection (OSI)" was chosen to denote standardized 
procedures for the exchange of information among terminal devices, 
camputers, people, networks, processes, etc. that are made "open" to 
one another by virtue of their mutual use of a common set of data 
structures and procedures. Openness does not imply any particular 
system implementation, technology or interconnection means, but rather 
refers to the mutual recognition and support of the standardized 
information exchange procedures. This approach to systems 
interconnection deliberately avoids dealing with the internal func- 
tioning of individual systems. Rather it aims at describing the 
external behaviour of systems in terms of a "reference model" and a 
"reference architecture". The reference model of open systems inter- 
connection presents a logical view of the interconnected systems which 
is called OSI architecture. Here each system is viewed as being 
logically composed of an ordered set of sub-systems or layers, a view 
that is entirely consistent with the structure of all computer 
systems. The reference model of OSI provides a common basis for 
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coordination of standards development for the purpose of systems 
interconnection and allows existing standards to be placed in 
perspective within the overall reference modell, 


The need for interconnecting computerized systems is bound to grow 
rapidly. There is a common realization everywhere that the ad hoc 
approach to interconnection must yield to a more systematic and 
concerted approach. This realization is reinforced by much greater 
cost benefit potential of OSI versus "discrete" interconnection, a 
cost benefit which will continue to increase as additional systems 
adopt this approach. Therefore the OSI approach is gaining 
increasing support. In Canada as in other countries this is the most 
appropriate route to follow. 


3.3 Layered structure of data interchange 


The basic technical difficulties and complexities associated with 
systems interconnection and network building arise from the existence 
and continued growth of diverse and disparate systems. In practical 
terms this means a heterogeneity of hardware, operating systems, and 
applications programs. Even though most computer systems are 
structured along similar lines, there are a multiplicity of 
differences between systems provided by various manufacturers. 
Similarly systems supplied by a single manufacturer are seldan wmiform 
since they evolve with advances in technology and changes in user 
needs. 


In order for data conmunications to take place between heterogeneous 
systems in an orderly and efficient manner, several software and 
hardware components must interact in a complex fashion. This 
interaction is illustrated by the layered process in Figure 3.3, where 
solid lines denote real communications paths and dashed lines denote 
the path that the user sees. The latter can be described as virtual 
communication paths because they exist only in the eyes of the user. 
To effect cammunication across a virtual path, one must follow a real 
cammunication path up and/or down the various levels. 


Since communication across a virtual path cannot be done directly, a 
method to accomplish this using the physical communication paths must 
be developed. This methodology, referred to as a protocol, establi- 
shes data structures and procedures for each state of the communica- 
tion path. The OSI model includes criteria derived from hardware, 
software and related considerations, which are utilized to determine 


International Organization for Standardization. Technical Committee 
on Computers and Information Processing. Subcammittee on Open Systems 
Interconnection. Reference Model of Open Systems Interconnection. 
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Figure 3.3: Layered structure of data interchange or protocols levels 
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which data structures and procedures should be grouped together as a 
discrete set or layer. Data interchange within an "open" network is 
divided vertically into layers, with each layer requesting services 
from the next lower layer and providing services to the next higher 
layer. Each layer is a level of sophistication higher than the next 
lower layer. This structure serves to separate each layer from the 
requirements of all lower layers. This enables the network to give 
the appearance of having direct paths when in fact the process may be 
considerably circuitous and complex. Protocols exist for interaction 
between peer level processes and for interfacing with higher and lower 
level processes. 


The data interchange structure can also be viewed on a responsibility 
basis, separating telecommunication oriented layers from data 
processing oriented layers. The upper three layers: session, 
presentation and application are the data processing oriented layers. 
Library applications will require the definition of protocols for the 
three uppermost levels, while the lower four levels will be available 
through telecommunications services provided by the common carriers. 


This layered structure offers both technical and administrative 
benefits. As computer and telecommunications hardware and software 
became more sophisticated it will be possible to revise the protocols 
in that portion or layer that has been outdated by technological 
Change without revising the entire standard. Administratively, the 
layered approach divides the network along traditional service lines 
thereby reducing the level of expertise required to utilize and manage 
ate 


As yet there is no universal agreement about the names or the precise 
number of network functional layers and the corresponding names and 
numbers of protocol layers. Nor are the specific functions included 
in particular network layers of the ISO model universally accepted. 
Nonetheless, the concept of layering the message according to major 
functional groups is now universally adopted and implemented in 
network architecture marketed by such major manufacturers as IBM, LEC, 
Honeywell, etc. The layered architecture implemented by these vendors 
do not conform in detail either to ome another or strictly to the ISO 
mode. 


3.4 Network layers and interfaces 


It is within each layer that services are provided and required 
services determined and requested. Functions associated with these 
services are located within the layer as well. The actions of 
providing and requesting services and defining data is done within the 
layer according to the standards and procedures of the applicable 
protocol. An interface between two discrete layers is the common 
boundary between the two. If the two layers are in communication then 
data embedded in electronic signals are crossing this boundary. 
Physically this boundary is contained in one or more pieces of 
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interface equipment (ie. front ends or "black boxes"). Logically it 
is the point where the electronic signals pass from one layer to 
another. Each discrete application system and each different level 
interface require unique types of interfaces. Networks developed 
using this approach are independent of the type, configuration and 
camplexity of the network. 


The practical problem of system interconnection can thus be reduced to 
the identification and precise definition of the various communica- 
tions protocols, and then building the necessary hardware or software. 
Interfaces between the various potential systems comprising the 
Canadian nation-wide bibliographic network remain to be identified, 
accurately defined, and suitable interface devices built before we can 
have network services based on the needs and resources residing in 
these systems. 


A great deal of work remains to be undertaken before application or 
presentation level protocols are available for bibliographically 
oriented services. For example, the bibliographic services must first 
be determined, the basic controls and record structures used to 
support those services defined and the systems that will provide these 
services documented. 


3.5 Network message processing and message delivery: the 


U.S. Network Technical Architecture Group (NTAG) Model 


In terms of global network functions, any computerized network that is 
geographically distributed can also be viewed logically as consisting 
of two subsystems, namely, a message processing and a message delivery 
system. The Network Technical Architecture Group (NTAG) in the United 
States has described the basic attributes of these two subsystems as 
follows: 


"When a dialogue takes place on the network, it involves two 
hosts communicating with one another using certain shared 
transmission facilities. In examining the responsibilities, 
it is convenient to distinguish between two constituent 
parts which make up the network. One part consists 
collectively of the hosts on the network and can be called 
‘the message processing system.' 


It is within the message processing system that product 
definition occurs. Applications on the host computers may, 
for example, offer particular search strategies or specific 
library-oriented applications such as cataloging or 
acquisitions support. The other part of the network is made 
made up of the 'message delivery system.' The message 
delivery system is responsible for the timely and accurate 
transmission of messages between hosts connected to the 
network. The message delivery system is accountable for 
each message from the time such a message is entrusted to it 
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until it is safely delivered. In performing this function, 
the message delivery system would be responsible for 
packaging and routing the message appropriately. From the 
user's point of view, the message processing system is the 
locus of all intelligent manipulation and response. 
Although the message delivery system might in fact perform 
some rudimentary manipulations on the data being 
transferred, these transformations are transparent to the 
user and do not affect the content of any message as far as 
the hosts are concerned. 


Figure [3.5] may help to show the distinction between these 
parts of the network. In this diagram, Hosts Hl and H2 are 
in communication with each other. In fact, the dialogue is 
taking place between application Al on host Hl and 
application A4 on host H2. The two hosts, together with 
their respective front-end processors, HF1 and HF2 belong to 
the message processing system. The message delivery system, 
on the other hand, consists of the network front-end 
processors NF1 and NF2, the connection between them C, and 
the interconnections between the respective NF''s and HF's 
designated Il and 12. Note that Il is different from I2 in 
that the interconnection Il consists of a single link, 
perhaps indicating some kind of multiplexed channel, while 
I2 shows several links, perhaps consisting of separate 
asynchronous terminal connections. The network front-end 
processors can be customized to provide a variety of 
interconnection possibilities. 


Determining the nature and conditions for using the 
applications residing on each host is, of course, the 
responsibility of the organization owning that host. 
Supplying an adequate message delivery capability, and 
developing standards for using the message delivery system, 
on the other hand, would be the responsibility of some 
organization having authority for operating that part of the 
network." 


Components of the message processing system already exist in the 
processors and application programs of individual systems such as 
DOBIS, UTLAS, Geac, etc. which are potential participants in the 
network. Similarly, the message delivery system also to a large extent 
exists in the switched networks for communication of both analog and 
digital signals provided by the common carriers such as TransCanada 
Telephone System and Canadian National/Canadian Pacific. 


Message delivery system for the national library and information 
service network: general requirements, prepared by the Network 
Technical Architecture Group and edited by David C. Hartmann. 
Washington, Library of Congress Network Development Office, 1978. 
(Network planning paper, no. 4). 
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However, many crucial elements for exchanging bibliographic 
information in an open network environment are still missing without 
which the bibliographic network cannot become a reality. One such 
camponent is the network technical and administrative services. 


3.6 Network technical and administrative services 


A decentralized bibliographic network in practical terms means the 
coordinated functioning of the message delivery and message processing 
systems for the interchange of bibliographic data held in different 
host computer systems in the network. Bearing in mind that the 
existing components of the message processing and message delivery 
systems are essentially independent and autonomous entities and that 
these have developed in response to their own independent require- 
ments, it is not difficult to see that their participation in an open 
network will require the mediation of a network mechanism that can 
effectively take care of the network technical and administrative 
needs. The concept of network technical and administrative services 
in a decentralized open network must be differentiated from the 
concept of management in a unitary form of organization or a 
centralized closed network; for, the former embraces important aspects 
that are absent in the latter. In a closed network there is usually a 
centralized authority (a central node) that is able to exercise the 
necessary supervisory, controlling, and monitoring functions. Ina 
truly distributed and open network, the nodes are far more autonomous 
and internodal relationships more symmetrical. In the latter 
environment, the network control mechanism may have to be built into 
the very structure of the network protocol system. This may mean that 
control functions may have to be distributed in a manner analogous to 
the distribution of network service functions. However, distributed 
algorithms, whether for service or control purposes, are in general 
more complex to design and implement than algorithms frequently used 
in closed networks. While the precise role and functions of a network 
mechanism for technical and administrative services remains to be 
determined, it is difficult to see how an open network can function at 
all without such a mechanism. 


Network technical and administrative services are as yet poorly 
defined. Nonetheless, the need and nature of these services is 
gradually coming into focus. Qne example is the capability provided by 
telecommunications consortia such as the Computer Communications Group 
(CCG) of the TransCanada Telephone System to maintain control over the 
entire network of communications lines, switching nodes, and traffic 
controllers. Another as yet poorly defined example is the facility 
which will be needed in the CTIS to maintain a record of all the 
"devices" which exist in the network and to which one might direct 
electronic messages. A third example is the hard copy directory to 
the information services being offered by information providers 
through the PRESTEL system in the United Kingdon. 
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Similarly it is very likely that a nation-wide bibliographic network 
will need to develop a capability which can maintain an inventory of 
the hosts and services that are available in the network, establish 
network administration and control procedures to ensure fail-safe 
communications, provide data directories and data dictionaries which 
will be used, for example, to ensure the security and the integrity of 
the network data bases. These examples of network technical and 
administrative services are merely indicative of the kind of support 
that may be needed and are useful insofar as they clarify the concept 
Which they have been selected to illustrate. 


aie 


PROBLEMS AND ISSUES OF INTERCONNECTION 


4.1 Introduction 


In the pluralistic and increasingly competitive environment typifying 
the information sector, network development will inevitably involve a 
host of problems and issues ranging from political and administrative 
to purely technical ones. While acknowledging this environment, it is 
essential to concentrate on the nature of the technical problems that 
inhibit system interconnection. Once the technical issues have been 
sufficiently explored, then it should be possible to devise policy and 
administrative mechanisms to ensure successful network 
implementation. 


The technical issues are centred around standards and protocol 
development efforts. This development must necessarily involve a 
number of organizations and segments of the information sector as 
indicated in the following text. 


4.2 Standards and protocols 


Any effort to integrate the communications protocols supported by the 
common carriers and the heterogeneous hardware and software facilities 
of the "message processing" hosts will require a substantial exercise 
to analyze what exists and to determine how it can be merged into a 
coherent network at acceptable cost. As identified so far, there are 
substantially four discrete sets of "protocols" that could provide the 
basic framework for data interchange in a decentralized nation-wide 
network. These include: 1) the NCLIS/NBS protocols, 2) the EDI 
specifications, 3) the BISAC specifications, and 4) the Telidon 
specifications. All of these specifications evolved from relatively 
unique environments and unrelated service objectives. Accordingly, 
they differ substantially with one another as noted below. 


1) The NCLIS/NBS protocols, concerned essentially with session 
and presentation level functions, possess numerous control 
messages which enable network users to impose various 
constraints on the target host and to control the data inter- 
change in an interactive mode. LC MARC formats and the 
extended ALA character set comprising some 175 alphanumeric 
as well as special characters provide the implied standards 
for the data messages, although other standards for data such 
as query messages will need to be developed before these 
protocols can be implemented. 


2) The EDI specifications deal with communication functions 
falling within all 7 levels of the OSI architecture but are 
much less extensive in their control message capabilities and 
more oriented to batch on-line data interchange rather than 
interactive operation. A specific format is defined for 
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bills of lading and new ones will be developed for trade 
documents, such as invoices, as the EDI network matures. 


3) The BISAC guidelines are primarily a machine-readable record 
format for purchase orders and invoices recorded on magnetic 
tape and as such deal with level 7 functions in the OSI 
model. In subsequent phases the BISAC specifications will be 
expanded to include on-line data interchange using fixed 
length and variable length records. 


4) The Telidon specifications, concerned largely with 
presentation level (Level 6 in the OSI model) and to a lesser 
extent with application level functions, conform to the draft 
ISO standards for text communication which are being 
finalized. While the Department of Communications 
acknowledges the need to interface the Telidon mainframe with 
"third party" data bases work is yet to commence on these 
interface specifications which presumably will endorse such 
ISO standards as X.25 (terminal-to-computer) and X.75 
(network-to-network) . 


The variety of control message and data message structures inherent in 
the above four specifications present a serious impediment to network 
development because: 1) they permit a range of user control over 
remote host systems; 2) introduce a large mix of data formats, one or 
more of which could be required by any me user to fulfill the user's 
service requirements, and; 3) imply a large number of record format 
and character code conversions for the potential network message 
processing hosts or network front ends. This state of affairs, if not 
ameliorated, will frustrate the network users as well as the service 
suppliers. Numerous redundant capabilities may be implemented unless 
concerted efforts are made to standardize communications and access 
procedures which support: 1) the available user services, 2) the 
message delivery services, and, 3) the message processing services. 


These are just some of the technical issues that must be addressed by 
organizations which are actively fostering the development of network 
standards and protocols. They are by no means exhaustive. 


4.3 Standards promotion 


The organizations involved in establishing data interchange standards 
or pseudo-standards that would be potentially applicable to an open 
network have been noted above. Since characteristically these 
organizations have not focused their efforts on the full range of 
bibliographic data interchange requirements, per se, institutions 
camprising the information sector cannot refer to a set of standards 
or to one standards body for guidance and development of network 
standards and protocols. The following paragraphs provide further 
information about these organizations, the standards they advocate, 
and some of the implications for bibliographic data interchange. 
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If one follows the CTIS precedent, then the first step in devising a 
communications protocol is to analyze the data flow by: establishing 
who gets what documents (data) and in what sequence, analyzing each 
data elenent for its properties, ie. determine whether it is 
alphabetic, numeric or special and whether it is fixed or variable in 
length, determining which transaction sets (records) require which 
data elements, and establishing whether each data element is 
mandatory, conditional or optional. Once all of the above has been 
completed then one can begin to develop the tables for the "front-end" 
which will control the data that is interchanged between any two 
hosts. The COSTPRO approach to standards development and maintenance 
provides but one model which could be used for the development of a 
nation-wide bibliographic network. 


The Department of Communications has expended an extensive amount of 
research and standards creation effort to enable the home television 
set to be interfaced via telephone lines, cable or satellite 
telecommunications facilities, to a remote data base. These standards 
are available to Canadian manufacturers if they wish to produce 
equipment conforming to the specifications for the nascent videotex 
market. The picture description instructions (pdi) and character sets 
for text communications in 39 roman alphabet languages utilized by 
Telidon are expected to become ISO standards for second generation 
videotex systems. Department of Conmunications representatives are 
confident that Telidon could provide, in time, a solid basis for 
bibliographic network services and electronic messages to support 
those bibliographic activities. 


At the international level there are various working groups within 
ISO, as well as the International Telegraph and Telephone Consultative 
Committee (CCITT) that are striving to establish data interchange 
standards. Some of the relevant ISO standards are being developed by 
the following working groups and committees: ISO/TC46/SC6/WG1 
(Bibliographic Data Element Directory), ISO/TC46/SC4/WG5 (Application 
Level Protocols), ISO/TC97/SC16 (Open Systems Interconnection). These 
working groups and subcommittees receive input from various national 
bodies and experts. Existing national standards, if available, and 
proposals such as the NCLIS/NBS protocol are input as working 
documents to the various ISO working groups. 


While the BISAC specifications are not official American standards, 
this group is involved in standards developments significant to 
bibliographic networks. Earlier BISAC efforts included support for 
the ISBN. Currently BISAC is promoting the development and mainte- 
nance of the Standard Address Number (SAN), a seven digit number with 
a check digit which identifies organizations that are buying and/or 
selling books, including publishers, wholesalers, bookstores, 
libraries, schools and school systems. Organizations are expected to 
print their SAN on their letterheads, order forms, invoice forms, 
checks and all other documents they may use in executing various book 
transactions. Identifiers such as the SAN are prescribed by the EDI 
standards for control headers to identify the sender and receiver cof 
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an electronic message. Presumably the SAN will have to be integrated 
into the EDI transaction sets and the number appropriate to a 
particular agency correlated with this kind of transaction if the EDI 
specifications were ever endorsed by BISAC. 


This brief review of the activities is adequate to draw the conclusion 
that a variety of standards efforts are being undertaken outside the 
context of the open systems model and that these efforts will produce 
many standards as well as pseudo-standards which will overlap and be 
incompatible with each other. Unless they are coordinated and 
realigned with each other, these efforts will ultimately impede rather 
than facilitate open systems interconnection. 


4.4 Isolated efforts at interconnection 


It is apparent that libraries are continuing their efforts to link 
systems. The following paragraphs provide a mere hint of this 
activity and make no claim to being camprehensive. 


The University of Guelph has recognized that automated library systems 
must interface with outside information systems. Accordingly, the 
library has made a number of efforts to formulate an interconnection 
proposal and to take advantage of the X.25 protocol that exists within 
the Geac hardware and which conforms with the first three levels of 
the layered structure for data messages. This protocol will enable 
the systems developers to more easily interface the Geac equipment and 
software with other library and information systems. Future system 
development is expected to extend current capabilities to cover all 
the library housekeeping operations and to provide a "front-end" to 
the information resources offered by the information industry. The 
system will also be designed to receive messages fram other systems as 
demonstrated by the installation at the University of Waterloo which 
enables users with the appropriate authorization and access to a 
remote terminal to place "requests" and "holds" on items held by the 
university library. Furthermore, the ability of the Geac hardware to 
interface easily with the CLSI turn-key circulation system seems to 
have influenced the decision to purchase the Geac system for use in a 
regional network in Connecticut. It is also noteworthy that the 
Directors of Ontario Regional Library Systems appear predisposed to 
develop the desired province-wide public library network by 
interconnecting independent regional circulation systems. 


An American company called Innovative Interfaces Inc. has developed 
and is actively marketing a "black box" which permits users of the 
OCLC terminals to transfer bibliographic records from OCLC files to 
local circulation files maintained by CLSI hardware and software. 
This is just one form of bibliographic data transfer and pressure for 
other types can be expected to arise from proposals such as the 
recommended interconnection with other potential sources of 
bibliographic records such as DOBIS, UTLAS, OCLC, RLIN, etc. 
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In the U.S., OCIC Inc. is planning to interface with the publishing 
industry once its acquisitions module is operational. It is likely 
that OCLC will attempt to interface with publisher's systems via its 
sophisticated network canmunications front-end computers. This same 
front-end processor module, consisting of a multiple number of Tandem 
minicomputers will also be used to interface OCLC users with 
information services such as those provided by SDC, Lockheed, etc. 


As a final example of "interconnection", one can point to the 
participation of two Toronto area public libraries (Cedarbrae and 
Albert Campbell) in the Telidon field trials that are being conducted. 
Such experimentation can be viewed as the first phase in the eventual 
interconnection of library systems with home information systems. 


These limited examples are sufficient to make the observation that 
isolated efforts at interconnection are occurring within the 
information sector and to conclude that an overall interconnection and 
protocol strategy would be of substantial benefit to all. 
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5. CONCLUSION 


In the light of the above discussions it is amply clear that a great deal 
of development work needs to be undertaken in two key areas before the 
decentralized nation-wide bibliographic network becomes technically 


feasible. 


A. 


These areas may be broadly defined as 


Identification of network participants, their respective roles 
and their resources. In this context a network participant is 
anyone that provides network services: e.g. message processing, 
message delivery, network technical and administrative services. 


Definition of network protocols at the application, presentation 
and session levels. 


Initially at least, work needs to be undertaken in the following specific 
areas. Other projects no doubt will be identified in due time. 
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Determine what services the teleconmunications service providers 
can supply as well as the capacity of these facilities and the 
associated costs. 


Determine what kind of services the "message processing" hosts 
in the network will provide. 


Determine the technical and administrative services which are 
required to facilitate the establishment and effective operation 
of an "open" network. 


In the domain of network protocols the following specific areas of further 
development are necessary: 


Be 


B.2 


B.4 


B.5 


B.6 


Definition of applications, sub-applications and functions. 


Definition of data transmission procedures at the application 
level and identifiers for file, record and sub-record data 
element transmission procedures. 


Definition of generic application elements and their 
characteristics, e.g. searching, file transfer. 


Determination of the control messages and data messages which 
will be applicable to any particular transaction. 


Identification of the bibliographic data that must be exchanged 
in each kind of network transaction (e.g. searching data bases, 
verifying interlibrary loans, placing purchase orders, etc.). 


Development of a data element directory of all the data elements 
that may be used in the network messages. The data base 
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inventory project undertaken by the National Library Network 
Project, with the support of the Canadian Association of 
Research Libraries, will assist this development by providing an 
initial inventory of data bases that might support the network 
message processing services. 


B.7 Definition of negotiation procedures, a process of selecting a 
remote service provider whose services and capabilities are 
hospitable to one's one system. 


B.8 Definition of required system functions e.g. billing, security, 
broadcast, relaying. 


The feasibility of the network will ultimately rest on the technical and 
economic parameters of the various network interfaces. In a multifunction 
user network involving a number of different systems, many interface 
devices (involving protocols and standards, hardware and software) have to 
be built and tested before data can flow freely across system boundaries. 
Once specific areas of development work have been clearly identified and 
established, experimental projects can be initiated to test the 
feasibility of desired interconnection between systems, establish their 
economic viability, and determine the role of various sectors in the user 
network. Formulation of such projects is a major task that will require a 
set of separate documents which are project specific. 


Since all this work cannot be undertaken at once, it is important for the 
National Library of Canada to select projects according to a well defined 
and well understood set of criteria for project selection and 
prioritization. These criteria which must be developed in concert with 
libraries and other segments of the information sector will likely be 
applied within the framework established by The future of the National 
Library of Canada with priority given to the development of a 
bibliographic network. Owing to the multi-disciplinary nature and 
technical complexity of the above program, it will be necessary to engage 
one or more consultants to assist in the recommended work. Management of 
the necessary research and future pilot projects will involve obtaining 
expert advice on technical matters, guidance of network management, and 
funding for specific projects. In order to be able to do them effectively 
and in a manner that satisfies all network participants, it will be 
necessary to establish appropriate advisory and consultative mechanisms. 
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Appendix A: Notes on Selected Terms 


The following notes are provided to elucidate the meaning of several 
terms used in the specialized context of this paper. 


Bibliographic Data 


Data in machine-readable form which is utilized for describing, 
controlling, and providing access to library collections and their 
contents. Thus bibliographic data includes: descriptive information on 
individual items in a library collection; classification and indexing 
information; abstracts, summaries or full texts; holdings and locations 
information. Data that is interchanged in a decentralized bibliographic 
network would include such additional but related information as: patron 
identifier, mailing address and lending terms for interlibrary loan 
functions; billing and accounting information for network services, unit 
prices for items purchased from a publisher or wholesaler, etc. 


Computerized bibliographic centre 


This term is used to describe an organization offering to a number of 
libraries or similar organizations computer-based support for technical 
processing and/or information service operations. The term was first 
defined and used in the various reports of the Canadian Computerized 
Bibliographic Centre Study (CCBCS) conducted by the National Library of 
Canada during the period 1976-79. 


Interface 


Computer communication interfaces are generally composed of both devices 
and specifications. Interfaces thus have physical, logical and 
procedural aspects. The physical aspect deals with the way in which two 
devices are actually connected mechanically and electrically. This part 
of the interface specification would include: the number of wires and 
dimensions of the physical connector in which the wires terminate (plugs 
and sockets); voltage levels and duration of current flow to be used for 
signalling on various wires. All these in effect provide for the 
transfer of data bits across the interface in a standard way. 


The logical aspect of the interface specifies how the data bits and 
Characters are grouped into fields for the purpose of signalling and data 
transfer. The procedural aspect specifies the sequence of communication 
control characters or the valid contents of various fields or specific 
commands and responses to be utilized in controlling data flow. The same 
basic set of control characters or fields may be used in a variety of 
different ways according to procedural specifications. 


Message delivery system 


is j i i t, and may or may not be a 
This is essentially a functional concept, 
physically distinct system within the network. It consists of processors 
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or modules dedicated to the control of network message interchange and 
the telecommunication facilities provided by common carriers. Message 
delivery functions may be performed largely by public switched data 
networks where they exist. 


Message processing system 


Essentially a functional concept, it consists of the host computers and 
host front end processors that perform the network's operations at the 
user application level which are usually outside the scope or 
responsibility of common carriers. However, the line between message 
processing and message delivery is by no means sharply drawn and the rise 
of many value added networks will make it even more difficult to maintain 
a clear line of demarcation. 


Network 


A network is defined largely in terms of its physical topology, and its 
logical structure. Physically, the network is the actual interconnection 
of nodes and links and can be described by its topological features, 
e.g., star, ring, tree, distributed. Logically, the network is the 
system of network entities (functions, devices, users, processes, etc.) 
and the communication links that exist among these entities. The 
physical and logical structures are not necessarily congruent; and the 
more they differ the greater is the amount of routing and network control 
traffic. The logical structure is determined by the operational 
objectives, as well as distribution of functions and responsibilities 
within the network. 


Regardless of their physical topology or logical structures, access to a 
network can be open to non-members or closed. A closed network is 
characterized by unique and network-specific procedures for the inter- 
change of data amongst network entities. Development of links to outside 
entities is always difficult in view of technical incampatibilities that 
inevitably arise. Closed networks are, not infrequently, further 
characterized by rigidity of structure, high cost of services, suboptimal 
utilization of resources, a captive clientele and centralized 
administration and control. 


An open network does not imply any particular system implementation 
technology or interconnection means, but rather refers to the mutual 
recognition and support of the standardized information exchange 
procedures. By eliminating or reducing to a minimum incompatibilities 
amongst systems and procedures, an open network makes possible the 
optimal use of network resources. Because systems and networks can 
interconnect and cooperate far more easily in an open systems 
environment, a variety of services can be supported in the most cost 
effective manner by broadening the network user base while incurring a 
minor increase in data communications and processing overheads. Thus an 
open network has the greatest potential for growth and expansion as it is 
not locked into any network specific or system specific practice. 
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Protocols 


Protocols are a set of canmmunication conventions, including data formats 
and procedures which allow two or more network entities to communicate 
with each other. These entities may be terminals, computers, nodes (store 
and forward switching centres), individual processes (or programs) 
residing in geographically dispersed camputer systems, etc. In effect, 
protocols particularly of the higher levels, constitute the language of 
communication between computer systems in a distributed processing 
environment. Just as high level programming languages provide man- 
camputer communication with hardware independence, so in an analogous 
way, high level protocols provide communicating partners in a distributed 
processing environment with the necessary freedom from hardwares and 
configuration details peculiar to individual systems. 


Protocols have both logical and procedural aspects to provide for the 
syntax as well as the semantics of inter-systems communication, and are 
designed to correspond closely to the layered architecture of computer- 
communication networks. 


Protocol layers 


Just as the highest functional layer of the network is able to operate on 
the basis of services cumulatively provided by all other functional 
layers, so does the highest level protocol (concerned with application 
processes) operate on the basis of services cumulatively provided by all 
the lower level protocols. The various levels of the protocols in effect 
implement data interchange procedures which reflect the layered 
architecture of the network; without the implementation of the protocols 
the layered architecture of the network would be a logical fiction. 


The higher level protocols are concerned with message processing and 
lower level ones with the error free and cost effective delivery of the 
message. As cooperation in a distributed environment takes place between 
individual processes (or application programs) rather than between 
computer systems as a whole, the lower level protocols are designed to 
provide the higher level protocols with a reliable interprocess communi- 
cation facility. As a data message passes from the user or application 
layer successively to the lowest layer concerned with the physical 
transmission of the bit streams, protocol modules in each layer add some 
control information to the data received from the next higher module. 
Each protocol layer performs only that message processing function which 
is appropriate to the layer in which the protocol resides. The layered 
architecture provides the network with the needed flexbility to readily 
add and delete protocols or modify existing ones. 


The descriptions of protocol layers given below are not formal but merely 
indicative of the scope and purpose of each within the layered 
architecture of the network in the OSI model: 


l. 
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Physical layer (Level 1) 


The services within this layer of the network enable the establishment, 
maintenance, and release of physical connections between Data Terminal 
Equipment (data processing equipment of the network hosts), Data 
Circuit Terminating Equipment (communications equipment of the common 
carriers), and/or data-switching exchanges. A physical connection, 
providing for the transmission of transparent bit streams across 
physical interfaces, may be permanent or dynamically established and 
released; it may allow half-duplex or full-duplex transmission. The 
physical layer of the network is not to be equated with the physical 
transmission media; it is, like all other network layers, based on the 
concept of specific functionality within a given layer. 


Protocols in this layer define the mechanical and electrical 
characteristics of the connections between the data processing and data 
communications equipment. An important example of a protocol of this 
level is the CCITT standard X.25 (level 1) which applies at the 
interface between modems and camputers or intelligent terminals. 


Data link layer (Level 2) 


The services within this layer are designed to create error free paths 
between network nodes connected by data channels utilizing the 
facilities provided by the physical layer. These point-to-point paths 
are used by higher level layers ("network" and "transport" layers) to 
create end to end paths. On multi~access channels, this layer manages 
the transmission and reception amongst several stations on the same 
channel. Protocols at this level are concerned with detecting and 
correcting bit errors, framing message transmission blocks, and 
sequencing information so that there are no duplicate or missing 
blocks. Examples of protocol at this level are: Advanced Data 
Communication Control Procedures —- ADCCP (American National Standards 
Institute), High-level Data Link Control - HDLC (International 
Standards Organization), Digital Data Communications Message Protocol - 
DDCMP (Digital Equipment Corporation), Synchronous Data Link Control - 
SDLC (IBM Corporation). 


Network layer (Level 3) 


The services in this layer enable the dynamic selection of individual 
communication links for the establishment of a single path between the 
sending and the destination stations. It is within this layer that 
Switching and routing functions are performed. This layer is not 


The names in parenthesis refer to the organization most closely 
associated with the particular protocol. 
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required to provide any of the data quality and integrity services 
provided by the transport layer. Examples of protocols of this level 


are the international standards X.25 (level 3) and X.121 (numbering 
system). 


Transport layer (Level 4) 


The services within the transport layer are concerned with the 
provision of interprocess communication facility. The nature of the 
communications sub-network upon which the transport layer is based will 
have considerable impact on the operations of this layer and therefore 
on its protocol features. If the sub-network provides reliable, 
sequenced delivery of data, then the transport layer need not include 
error-checking, sequencing and duplicate detection features; the burden 
of reliability will be carried by the sub-network. However, if the 
sub-network does not provide reliable communication, the transport 
layer must be designed to assume the burden of making transport service 
reliable by performing sequencing, error-checking, duplicate detecting 
Operations. This layer is not needed if the end-to-end path does not 
require switching and routing. 


The transport layer acts as a transportation bureau for all 
applications. It is this layer of the network that is required to 
optimize the use of the available communication resources and to 
relieve the end users fram any concern with the detailed way in which 
reliable and cost effective transfer of data is achieved. 


Session layer (Level 5) 


The session layer of the network provides as its basic service the 
establishment, maintenance and termination of the session. It is 
during the "session" that actual interchange of data takes place 
between two application processes residing in two separate computer 
systems. The session layer provides services of four general types: 
session management, dialogue management, data transfer and data 
delimiting. 


The first service performed by a session layer must be the 
administration of sessions. Sessions must be established and released. 
Furthermore, one may expect an emergency abort facility. The session 
layer controls the delivery of data to the high-level user 
(quarantining - a process which inhibits processing until an entire 
data message, e.g. an entire MARC record, has been received), controls 
the interactions between high-level users (dialogue management), and 
imposes a structure on the data it transfers (data delimiting) - Some 
security functions relevant to the operation of distributed systems may 
also fall within the damain of session control. 


In many network architectures developed before ISO proposed the 7-layer 
model, session control functions were intermixed with functions 
appropriate to a number of different layers. Protocols standards for 
this layer are thus still in the initial stage of development or remain 


to be developed. 
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- Presentation layer (Level 6) 


This layer of the network architecture provides a set of services or 
capabilities that enable the application layer to interpret the meaning 
of the data exchanged between processes. These services are required to 
provide independence of character representation, data definitions, 
canmand formats, etc. It is within this layer that data and display 
formats are transformed from the source system representation to the 
network standard and back to the local representation of the target 
system, as necessary. When application processes are of the same 
nature and if the interaction is carried out according to universally 
agreed formats, then no transformations need to be made. Thus the 
nature of the application to presentation boundary is different from 
the nature of other layer boundaries in the OSI architecture since the 
functions of this layer may be optional in certain cases. The typical 
case of open networking will involve users wanting to access applica- 
tion processes through a wide variety of terminals; the protocols at 
this level will have to provide for terminal or device independent 
operation. 


Protocols at this level include: virtual terminal protocol (terminal 
independence); virtual file protocol (file structure and access method 
independence); job transfer and manipulation protocol, etc. As has 
been mentioned in the previous section, these protocols may be 
considered by some as belonging to the class of application protocols. 


- Application layer (Level 7) 


Application processes are the ultimate source and sink of data 
exchanged in the network. It is the application layer where the heart 
of the network message is generated either by an application program or 
as a result of a direct input from a terminal operator. The message 
may be, for example, simply a command or an extensive file destined for 
a remote processor. Protocols of the application layer are concerned 
with and responsible for the end user's interface with an application 
program residing in a remote processor. At the terminal end, the 
terminal logic that establishes the destination of the message to be 
transmitted performs the application layer functions. The operator 
must perform these functions for non-intelligent terminals. 
Application protocols directly serve the end user by providing the 
distributed processing service appropriate to an application, to its 
management and to system management. Management of open systems 
interconnection comprises those functions required to initiate, 
maintain, terminate, and record data concerning the establishment of 
connections for data transfer among application processes. Just as all 
lower layers of the network exist only to support the application 
layer, so do all other protocol layers exist to support the protocols 
of the application layer. 


a. SP a 


There is a rich variety and potentially a large number of protocols in 
this layer. This is partly because of the inherent range and diversity 
of user applications and partly because the functional domain of the 
application layer is not clearly demarcated. A number of existing 
network architectures include in this layer functions which are 
assigned to other layers in the ISO model. In a competitive market 
place, the neat distinction between application functions (domain of 
data processing industry) and data delivery functions (domain of 
communications industry) is not easy to maintain. 


Protocols at the application level include: initial connection 
protocol to initiate a communications link with remote processes; file 
transfer protocol for the transmission of large files fran qe computer 
to another; remote job entry protocol for communicating between devices 
and processes of the remote batch variety; industry specific 
application protocols (banking, air lines, library and book industry, 
etc.). 


BISAC 
BPDC 


CCrre 


COSTPRO 


CTIS 
EDI 


NCLIS/NBS 


OSI 


RLG/LC 
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Appendix B: List of Abbreviations 


Book Industry Systems Advisory Committee (U.S.A. ) 
Book and Periodical Development Council (Canada) 


Comité consultatif international télégraphique et 
téléphonique 


Canadian Organization for the Simplification of Trade 
Procedures 


Canadian Trade Information System 
Electronic Data Interchange 


National Commission on Libraries and Information 
Science/National Bureau of Standards (U.S.A.) 


National Library Network Project 
Network Technical Architecture Group 
Open Systems Interconnection 


Research Libraries Group/Library of Congress (U.S.A.) 
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